Objective: We investigated an array of possible markers of early dementia in Parkinson disease.
Identifying the factors predictive of PD dementia is not only important in identifying highrisk patients for appropriate counseling and planning future care, but also in recognizing early cognitive impairment for targeted therapeutic interventions (e.g., clinical trials). Advanced age is the most established risk factor for dementia. Some studies also find that motor features, such as the akinetic-rigid Parkinson subtype, 8 are associated with increased risk. By contrast, nonmotor features have not been extensively studied as possible dementia predictors. The only nonmotor variables found in prospective studies to predict dementia in PD are REM sleep behavior disorder (RBD), 9 ,10 baseline cognitive impairment, 11 and olfaction. 12 To address this deficit, we assessed a broad array of potential clinical risk factors for dementia in a 4.5-year prospective cohort study, focusing especially on nonmotor features such as sleep disorders, autonomic dysfunction, and special sensory dysfunction.
METHODS Patient selection and enrollment. Patients were recruited from the Movement Disorders Clinics of the McGill University Health Centre and the Centre Hospitalier de l'Université de Montréal (Montreal, Canada). Patients with UK Bank Criteria-defined parkinsonism, 13 with idiopathic PD determined as the most likely cause, were included. Patients were excluded if they had baseline dementia according to Movement Disorder Society (MDS) criteria 14 or if an alternative cause of parkinsonism was diagnosed after comprehensive assessment.
Standard protocol approvals, registrations, and patient consents. The hospital research ethics boards approved this study, and informed written consent was obtained from all participants.
Diagnosis of dementia. All patients had a baseline neuropsychological examination. Assessments included measures of 3 main cognitive domains, described below.
Executive function/attention. For these assessments, we used Digit Span from Wechsler Adult Intelligence Scale III (scaled score), the Trail Making Test, part B (times), and a modified version of the Stroop Color Word Test (part III-part I for times or errors). 9 Memory. The following memory assessments were conducted: Semantic and Letter verbal fluency tests (animals, fruits/vegetables, P, F, L-number of items in 1 minute) and episodic verbal learning and memory (Rey Auditory-Verbal Learning Test [sum of trials 1 to 5, List B, immediate recall, delayed recall, and recognition]). 9 Visuospatial. Copy of the Rey-O figure, Block Design from Wechsler Adult Intelligence Scale III (scaled score), and Bells Test assessed visuospatial abilities. 9 Subsequently, follow-up neuropsychological evaluations were offered to all patients. Dementia was diagnosed according to Level 2 MDS criteria for PD dementia, 14 defined as impairment on $2 cognitive domains on neuropsychological testing with significant functional impairment. If patients declined a neuropsychological examination, MDS Level 1 criteria were used (except that depression was not considered an exclusion criterion, unless pseudodementia was diagnosed by the evaluating neurologist 15 ). The Level 1 evaluation included a systematic questionnaire regarding cognitive symptoms and their effect on an array of daily activities, including the pill questionnaire from the MDS dementia criteria, 9,14 the Mini-Mental State Examination, 9 and the Montreal Cognitive Assessment. 9 If patients had died or were unable to participate in person (i.e., usually because of severe dementia), telephone conversation with caregivers supplemented by clinical chart review were conducted to confirm dementia diagnosis.
Baseline patient evaluation. A single specialist movement disorder neurologist (R.B.P.) performed a complete evaluation of each participant at baseline. All evaluations were performed in the "on" state. Information on demographics, comorbid diseases, and medication history was obtained. PD variables of interest included the following: Statistical analysis. The primary outcome was the occurrence of dementia. All statistical analyses were performed using IBM-SPSS version 22.0 (IBM Corp., Armonk, NY). Factors associated with dementia were assessed using logistic regression adjusting for baseline age, sex, baseline disease duration, and duration of followup. Odds ratios (ORs) and 90% and 95% confidence intervals were determined; p values (i.e., 2-sided, 95% confidence interval) less than 0.05 were considered significant.
RESULTS
Between May 2005 and July 2011, 94 patients were enrolled in the cohort. Data were incomplete in 14 cases for the following reasons: 2 patients declined follow-up, 7 patients died before follow-up could be arranged, and 5 were lost to follow-up. Therefore, ultimate dementia outcome was available for 80 patients. The mean follow-up duration was 4.4 years and the average disease duration from onset was 10 years. Of 80 patients, 27 patients (34%) developed dementia. This corresponds to an incidence rate of 76.7 per 1,000 patient-years (figure 1).
Dementia outcomes according to baseline motor features.
Among motor variables ( Dementia outcomes according to baseline sleep disorders.
Among sleep disorders (table 2) , RBD at baseline dramatically increased the risk of developing dementia (OR 5 49.7, p 5 0.001). All but one of the converted patients had RBD at baseline (96.3%); the only exception was 87 years old with a 22-year history of PD. Of those with RBD, the risk of developing dementia over the 4.4 years' follow-up was 43%, compared with 2.5% in those without RBD. Accordingly, the mean percentage of tonic REM sleep EMG activity on baseline polysomnography (i.e., the principal measure of REM sleep atonia loss) was higher in dementiaconverted participants (68% compared with 30.6%; OR 5 1.4 per 10%, p 5 0.001) than in the nonconverted group. The percentage of phasic REM sleep EMG activity was higher in the dementiaconverted group, but this was not statistically different when compared with the nonconverted group (OR 5 1.3 per 10%, p 5 0.053). By contrast, neither daytime sleepiness, as assessed with the Epworth Sleepiness Scale, nor insomnia, as assessed with the Insomnia Severity Index, was significantly associated with dementia risk in our cohort. 24 In contrast to a previous study, 18 we did not find that olfactory dysfunction predicted dementia (figure 2).
DISCUSSION In this prospective cohort study, we found that several nonmotor and "nondopaminergic" motor features, most prominently orthostatic blood pressure drop, RBD, color vision, MCI, and gait dysfunction, are strong predictors of dementia. We found a strong connection between baseline orthostatic blood pressure drop and dementia, assessed both subjectively and objectively, with an 80% increased dementia risk for every 10 mm Hg decrease in systolic blood pressure. Although this finding has never been previously shown in a prospective study, it is consistent with cross-sectional studies that found strong links between cognition and orthostatic changes. 25, 26 For example, one recent crosssectional study found an orthostatic decrease of 12 mm Hg in PD with normal cognition, 20 mm Hg in PD-MCI, and 58 mm Hg in PD dementia. 25 The mechanism for this striking relationship is unclear. It is possible that autonomic dysfunction (like many markers in this study) is a marker of a "diffuse" disease subtype, characterized by generalized degeneration, including autonomic areas and cortical regions involved in dementia. However, it is also possible that a causative relationship exists. First, we found no clear connection between other autonomic variables and dementia, suggesting that generalized diffuse degeneration may not suffice to explain results. Second, in the general population, declining diastolic blood pressure has been linked to brain atrophy, particularly when associated with reduced cerebral blood flow. 27 Among hypertensive patients, associated orthostatic hypotension is linked to overall cognitive decline and impaired executive function, and predicts stroke and all-cause mortality 27-29 (we also found hypertension increased dementia risk, although less strikingly than orthostatic drop). Although cerebrovascular autoregulation mechanisms prevent mild orthostatic changes from reducing cerebral blood flow, moderate changes, particularly in PD with its multisystem cardiovascular dysautonomia, might cause substantial cerebral hypoperfusion. Hypoxia and hypotension have been shown in both animal models and human studies to cause neuronal damage and increase accumulation of pathologic proteins such as b-amyloid. [30] [31] [32] Therefore, it is plausible that repeated episodes of severe hypotension over years can adversely affect cortical neurons already made vulnerable by synucleinopathy. Finally, it is conceivable that orthostatic hypotension may underlie fluctuations in PD dementia; one retrospective observational chart review suggested that treatment of orthostatic hypotension in dementia was associated with dramatic improvements in cognition, particularly fluctuations, 33 and a small study in PD showed that tests of attention decline with upright posture in PD dementia. 34 We also found that impaired baseline color vision was associated with a 3-fold increased risk of dementia. Deficits in color discrimination are common nonmotor features of PD, but the exact pathophysiology is not well understood. Some of the deficit could be explained by retinopathic changes found in patients with PD, but cortical alterations and cognitive impairment have also been correlated with color discrimination deficits. 24, 35 We previously reported that color discrimination deficits in PD were strongly associated with cognitive testing variables and posterior white matter degeneration. White matter degeneration in the right posterior cortical areas in Table 3 Autonomic, color vision, and olfaction as predictors of dementia patients with PD may disrupt intrahemispheric and interhemispheric networks required for visuoperceptual, visuospatial integration, and executive functioning. 24 Therefore, it appears that color vision loss may predict dementia because it is a marker of posterior neurodegeneration.
Another striking predictor of dementia was RBD; all but one of the converted patients had RBD at baseline (96.3%) in keeping with a previously demonstrated relationship between RBD and dementia by our group in a subset of this population 15 and confirmatory findings by others. 10 It is unclear why this very strong relationship should exist. In general, RBD is not associated with substantial sleep disruption, making a causal relationship relatively unlikely. We previously reported a close link between orthostatic blood pressure drop and RBD in PD; therefore, it is conceivable that RBD reflects autonomic dysfunction. However, adjusting for systolic blood pressure drop in the model did not attenuate the effect of RBD on dementia risk (OR 5 31.77, p 5 0.006). We were surprised to observe that the Epworth Sleepiness Scale was not associated with eventual dementia risk, because somnolence is a very common feature of synuclein-mediated dementia. In many cases, baseline Epworth scores were reported without input from caregivers, and many patients (perhaps especially those with subtle cognitive impairment) underreport daytime sleep episodes. 36 As expected, we found that the presence of MCI at baseline identified a highly increased risk of developing dementia. These findings are consistent with other cohort studies indicating an association between MCI at baseline and risk of developing dementia in PD. 37 We also found that other symptoms of cognitive loss, including visual hallucinations, illusions, history of psychotic symptoms, and subjective cognitive complaints on UPDRS, are strong predictors. In other studies, visual hallucinations have been associated with increased risk of developing dementia. 38 Patients with PD who have visual hallucinations have reduced activation in ventral/lateral visual association cortices preceding image recognition. 39 We did not find a clear association between development of dementia and a specific akinetic-rigid (vs tremor-predominant) subtype of disease. By contrast, we found a relatively strong connection between gait dysfunction and eventual dementia risk. Of importance, gait and postural disturbance are part of the classification of akinetic-rigid vs tremor-predominant disease; our study suggests that it may be the gait component of this classification that is the primary driver of dementia risk. Of the remaining motor variables, we found contrasting results-standard ratings of disease severity (e.g., UPDRS) were not correlated with eventual risk, but quantitative motor testing could predict disease. It is conceivable that some of the quantitative motor testing could reflect visuoperceptual dysfunction (both the alternate tap test and Purdue Pegboard Test require hand-eye coordination) or perhaps motivational factors confound results (the quantitative motor tasks may demand more sustained effort than a motor examination).
There are some limitations to this study. In many cases, we were unable to confirm diagnosis of dementia upon full neuropsychological examination; generally, this was because of severe dementia. Given the clear history, combined with the fact that MDS Level 1 criteria are highly specific (but insensitive), 16 it is unlikely that these patients were misdiagnosed. However, some patients without dementia may have ultimately had dementia diagnosed on more intensive testing. The size of our cohort, although larger than many other studies, was still insufficient to examine markers with modest predictive value. Some factors, such as baseline cognitive reserve, history of prior severe head injury, nonparkinsonian medication use, and family history of dementia, were not analyzed and may be of interest in future studies. We studied a large diversity of variables and did not correct for multiple comparisons (to do so would inappropriately underpower the study 40 ); this implies that some significant relationships may have been attributable to chance, and so our findings should be considered exploratory. Although the mean follow-up duration of 4.4 years is relatively long compared with many trials, it is presumed that findings would differ with continued follow-up, at which time more patients would develop dementia. By contrast, the main strengths of the study include a relatively long prospective follow-up period, few patients lost to follow-up, and a thorough baseline evaluation that included full neuropsychological examination and a comprehensive evaluation of nonmotor features.
We have found that nonmotor and "nondopaminergic" features of PD, including autonomic dysfunction, color vision, RBD, and gait impairment, can strongly predict development of dementia in PD.
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